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per with this same title, hha is alre: uly been published in 
Journal of the Fre anklin Tnstit stitute1872—it \ 


ritten some 
en the completion of the structure, and the 
th. 


addition of onal ‘+h new data and the ¢ orrection of some 


in the origi inal, will be -regarde as a suftici ient warrant the 


veh: ndling of the subject. 


; 
meric an engit Yi ering o literature is as yet sadly ‘deficient in det ailed 
‘dese ‘riptions act the seathods adopted i in the U nited St: tates in sinking 


iro 


Note.—This Society is not responsible, as a body, for the fact lvanced in any 
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country, and the Oftici i: al Reports” of ir Chiet ‘Eng ngineers rs exist 
But, with fey excep tions, these documents deal muc 


the seemingly Wnimportant data—the smalle er 
touc ‘hed always to. be 


engineer to. know. The write feelingly, 


—unnecessi arily long, his 
; 


one work as is possible with the. dati a now at hand. 


For financ ial reasons the ommissioners under whos 


ge. In this plan Mr. Murphy to use fo 


AVA coe 


‘ to the roc k by the 1 use of compressed air, 


» ©. 


plans and ites submitted, his x method ce 


had economy to recommend it. The river cressing was not a- 
§ avorable one for ch heap and easy work ; towards the west bank the rock 


tin cha acter of th ror k SI 


“feet” in thirty, w “another patent reason for a some other style 


“of | foundation than those or dima wily in use. 


THE sine OF wor, The ‘sal river, where the bridg 
Crosses it, is 467 fee wide. from bank to bank a’ at low tide mi ark, with an 


caver age depth of water at low tide of 20 feet, and a range of tide of 
feet. To the we st of river Wi us low meadow, extend- 


g some 500 feet inland, and subject to © overflow a at high tides, ; 


q 
= 


The rock upon whie h the cylinders were to be founded was a mica- 


di ip ping the "northwest, and as mentioned above was 


oc was a de posit o 
‘rock 


This posit in de the pier ‘sites from 24 feet to 


52 feet below high tide, with a a loose mati rial o over it, liable | to scour 


to an un know) depth during it ereat irregularity 


~The river was crossed by a bridge of three iron through spans 

of them, each feet long, and and 36 feet wide tr 

 gentres, were fixed, an and between these two, was a a draw ‘span 200 fee 


— 88g (| 
eylinder foundations, by the “Plenum Pneumatic” or compressed air 
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and generally sort and shelly on top. Above 
the f, first, hard gravel, then sand and stiff mud, and 
the 
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de between truss centres. This arri mgement require 
thes one of them a pivot pier, ‘in the riv er, the centre 0 of the 


ier r being 9 9 feet dist ant from ‘the centres of the p piers 1s 


of it, -measnred on the centre line of bridge. The footways 


were of trusses, ade the 


Tur Prer RS. — were made up of 13 cast- iron eylin- 


as twoiron -sTinde 1s, eac eight feet in n diameter, located 


feet apart betw een centres, on a line at right angle: s to the ce ntre lin 
e bridge, formed support | for the en of each fixed s spai 


for the of ‘the whe ne losed. Phe pivot r was composed of 


central column six feet in diameter, and eight sian » each four fee 


rrounding it ; their ce ntres loe vate 


diameter of the pivot as 36 feet, 


iron —govermment cannon having “bee een used by the founders in casting 


them. The were mai le in see ctions | ten long, witha uniform thic k- 


by: inside fh anges 2} inches ° w ide, and 1h inches t hick, pierced for 1} 


inch bolts, with | the bolt- holes sp space ced inches apar ‘om centre 


ness of met: ul of one and one- shalt ine shes, a These see tions were united 


centre, The abutting portions of the eylinder nections were carefully = a 


faced upon a lathe, leaving a one- ei 
Aanges « only, for pac pac king. the section. fo 
inder, as sunk, the lower fl ange was 


tion of thes soil ; but to ret nin the full vi ne of the me as a 


upon tl he roc k, this bottom: edge: was left square, ‘and not ber veled as is 
sometimes the prac 
The average we sight of ea 


e as follows : 


10 feet 14,462 Ibs, 


NG THE CyLINDERS.— Mr. Murphy dia not use 


"fixed platfor m ip sinking the cy linders. His chief reason fon rejec ting a 
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sue cha metho he sec uring a found: ation on n the: 


ently thick to ‘hold piles, arrangeme ement adopted d by hi 


effecti and economic al though so some » trouble in ocating and citing 


wit: 


ordinar ary ‘canal Doats, ‘h 100 feet long and feet w ide, dra 
"ing 4} feet of water loaded, formed the basis of his appar: aratus. These ty two. 


‘allel to e each other and aby fe eet apart and s “secured 


in this position by timliers. % Resting upon boats, and extending 

clear across them and the opening between, were two clamps (E. F 


dD, each clamp made 1 up 0 of three 18 x12 inch timbers laid laid sido 1 


The « ais tane een. ‘the to suit hed 


6 fee et long, ‘shaped to fit 


outside a the “were secured ‘by The cl amps were 


gets 
i n together and made to hug. the ¢ cylinder T pl: aced betwee n | them by 
‘ ‘ig. 7), each each 24 s in | diameter, with nuts a 
iron washers, at each end of eac rod. the rods were spaced 


8 feet 6 inches apart, so as to take between them the largest cy linder. y a 


Fig. 7) 50 feet high, ma ade of 


substi tantial _four-f footed (B, 


12x 12 ine ‘h timber, and well bri aced, r ested upon the two boats, » with its 


=> apex direc tly over the centre of the o opening ‘between n ‘the mm. The feet of 


secured by strong iron straps and bolts 
amed into the two boats for that purpose. ' The hoisting tackle was. 

; 

made « of two double: 12-inch locks, with a 4}- inch rope, , the 
© 

on 

y anchors, laid quar one tom stern of 


used in bringing the boats. into position, and maintain-— 


ing them the re. 7 This was one of of the  objectio c tionable f fe atures i a 1 the tloat- 


ahi support, the work being ¢ urvied on in a tidal rive r, , these ane shors wad 
quired constant watching and adjusting of the chain cables, but a. a little 
practi actice ‘soon eni abled the workmen, who were all sailors, b by the by, 


so manipulate them as to always retain the ‘lamps in ‘the proper ei 


To furnish the compressed air necessary in the Plenum Process, 
gle | 8- 8-horse power Burleigh Compressor (0, F ig. 6), made at 


was locaied in | the hold of one of the ¢: 
his machine consists essentially « of two single acting air cylinders, 9-inch | 
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bine ‘h stroke each, the plungers: working alter nately and 

-vertic ae drat awing in the air through a valve i in the pion head, on the 


downward stroke, and on the e upwal wd stroke compressi 


‘it into a small reservoir on top of the machine, through a v: alve lif 
the action of the compressed air itself. = o prevent the expansion of the 


“metal: in the ‘pis ston head, by the heat generated in the proce pi: 
of cold | Wi ator, with little of oil adc led, was injee ted upon this piston 


at each stroke of the p pump. 


fours inel h wr ught iron ron pi ipe (A N, Pig. ¢ (3) led from 


the top of r to storage rese rvoir (L, F ig. 6), which 
_ in this case was an ordin: ary cylindrical : steam boiler set on end, 22 feet 
Tong an and 2 feet in | diameter, made of | }- ‘inch ‘h plates ites. . TI he ] purpose of this 
reservoir was to on on hi hand, at vast, one hi 


either from ace ident or from an 


y othe re the the 
cylinder would have ample time in whiel h to ese: ape, ‘T The compressed 
air was conveyed from the reservoir to the working chambe r of the 


-olumn being sunk, by a gum and canvas hose (7, Fig. 6) 4) inches in 
diameter. 7 Below the deck of the boat, so as alwi Lys to be unde or asad eye 


of the engineer, a pre ae eauge and safety y- -valve were attached ‘te: the 


| and falling 7;', fect, the weight tot 
“the water column was changi in g, this guige require care 


watching on the part of the engineer, to see that the requisite pressure 


side the cylinder, 


Workine GANG REQUIRE The Jaborer rs employed on the cylinder 
fou at ‘South street were all sailors, due to the fact ‘that 


-reservo and, as W ith tide rising a 


. John Andersen, | the e ve ery valuab le a ind intelli ligent foreman nan of that 


portion of the work, was. himself a sea-faring man Le This selecti 


men wasa happy 0 one, for the operation of handling, and ‘sinking 


divide d into” three gangs, working day and 


four hours on and eight “off full working Sang wal 


er eight feet : in diameter, was made up up as f follows —the- ; 
including ‘the two relief gangs, and the extra engineer and 


“his helper 7 
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Was alwavs maintained in Vs 4 
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i prompt in obeying orders in an emergency, and ready in expedients Ss oe 
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- “The basis of pay was eight ‘hours’ work 3 make a day 


above, there were men a time actually at work insi 
eylinder, and this only i in the la arger ones; in those only: four feet in diam- 


two m me all that ¢ 


“tee lin, of the eylinder to be lon ited aving be en marked ‘perm: ment 


points on the shore, the distance fron some known point on thi 
“shore line to the outside of the cylinder, w as by a flat steel 


— hoop-skirt wire, under tension ; this wire » having first been stretched on 


shore by me: us of a sprit ing balance, 1 registe ring | pounds, 


~ quired distance care ‘fully me: asured, and marke a upon it by a wi 
The! boats and der ‘ ; 
i and anchored, with the apex of the derric k ap yroxim.. 
ype Pt 

The : 

and section the section, which, AS mentioned, 


had no bottom fi: ange, was rolled up on the c cla am ) timbe TS, and bake hoist- 
ing tackle ‘attache d to it by m mea: ans of a hea wy bea “am of wood w wedged un- 


der the upper flange, and secured in position by tempor ary ‘bolts pssing 


k 
naw 


through the flange and the beam. " As soon as this section was s hauled up 


vertical position, it was lowered halfway down between the 
teal 


clamps, onl held tightly the middle by up the nuts 


on amp rods (X, Fig. 7). A The ts ackle Ww as then removed, and 
tion tion N 2 . 2 lifted din like m 


a two sections w ere then bolte ad together, a pac king of |: amp w ie ck dipped 
ina composition 1 of white and ‘red le: ad being first put in betwee me 
two flange faces, i the | slight it space left for that ‘purpose. 


soaked in the same composition were about the he ads and nate of 
the 1}-inch bolts u uniting the two sections. i These joints, except i 

instance mentioned hereafte proved | perfec -etly air and water tight. 


er and lowered down upon 


ann 


After the bolts were all in pla we, and with the 


- to se section No. 2, as a prec antionar yo ‘measure, », the m nuts on the clam 
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me shee the sections cy ylinder rad ally down 


between the clamps until the middle | of section 2 


ginally held by section 1. Tl he nuts were the n again tightene dup, 


‘and the friction of the clamps and alone dependec upon to hol 


This sibiibaitc ti as repeated until the bottom of the section No. 1 
me ws within a short distance of the river aad, mt vof tone ‘hing it, at low 


tide. Careful soundings to the roc k had bec on previously taken : at 


; the site of each column, so it was known jnst how many sections would 

required to reach this rock and still le the top ot the « ‘olumn some 
“distance above high tide. The air loc ko was on top of the “cylinder. 


and five 10- foot sections wer e ge nnerally 1 rolted toge +t] el be efore this 
loc k wi put in n pl: ce, 


Tur airlock (A, Fig. 1 De attac shed to the top 


of any number of sections previously bolted together. A. east-iron | 
diapbra agm (R, Fig. 3,) of the same diameter as the evlinder, and } pierced — 


h bolt- holes corr ‘responding to those» in the cylinder flange, was put 


on of the section in wee, Say No. 5 This fi formed the 


lowered upon the the e tw 
eis m to form th 
_seetions 5 5 and 6, 6, and the di: rag betwe een were bolted to- 


"gether by. inch bolts passing. through the two flanges and the dia- 

phragm. si similar dis aphragn placed on top of sec ‘tion No. 6 and bolted 


to its mapper flange, formed the roof of the airloe 


The metal in the body of the diaphra gm pk ite Wi as 1} inches thick, 


ge was 14 inches thick for : space about 1} inches wide all 
round i its cireumferenee, This raised e ee Was faced on al: ithe. Each: 
wm was provided with a central man hole (E’, Fig. 3,) from 20 


inches to 30 inches in diameter, varying w ith the size of the column and 


with a door (E, Fig. opening downw: ds; a rubber washer between 


the door and di: :phri em made the joint air- -tight. ‘These doors were cast. 


In two pieces united by fi: mges: and bolts, so that they could be- taken 


and sent hed the mi nanhole no longer required, fort the 


tioned that the joint bets een and the section ming w alls of 


airlock w more secure by a rust joint, with s sal ammoniac 


and iron turnings pounded fine. Each diaphe: gm, shown, in in 
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The water- “pipe | G, also had a stop-coc J, 
‘4 


These pipes were e all wy iron gas pipes 3 inc in 


diameter r. The air and water through stating boxes (0, 
ig. 1,) in the di: ation with ‘the 


Ws, 


the nislock. he t ualizing 


phe 
Jong, an d were re simply | »ped into the roof shut by 


‘The lease sup ply pipe FP, was connec ted above and outside the airlock 


‘ with the. ry inch. rubber } hose P. le ading to the storage reservoir L, with a 


tween the pi 1 and d the hose. This pi pe opened at th e 
lower r en ‘tly the working chambe five sections of 

the column, te mins ating 8 ine ches below the: 


stop- cock 


be 
adi 


but te rminate d at that « end in a 5-foot Te length iron pipe attache to it 


ex down through the airlock, and maintained its ter of 


ine to within 10 feet of the bottom edge of at lower 


this arr: ‘angeme nt the ‘pipe he short- 


‘ay of the : workmen when not wanted, quite 


an 1 object i ina column | only | four feet in diame te r. But whe 2 it was ne 
sary to remoy the water th: at would fre juently leak i under the ever- 


ag varyit ing he ed, the A-inch } pipe was lower red down sump dug for ‘the 
J. purpose, and by y openil ning the valve 


sure inside the acting ourfa ace, Was made to lift 


and discha ge this water at the ¢ top. 


One of of the advantages of the form of airlock adopted by Mr. Murphy, 


besides its economy, was that it not whether this loc 


above or or below the water surface. If the rock could be reac hed without 
adding addittonal sections to those in place when the airlock was put 
the upper was removed—and. used again—or utilized 
— old metal. But if it was necessary to lengthen the column—as would be 


B the case when there would be a conside rable depth of material over- 


the rock—then other sections were add Jed direc lly on top of 


yper wm, the air and \ water pipes lengthened by additional 


— J > Fig. 3, had in it three openings besides the manhole (£’,) namely, 
= 
4 
a 
a 
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iron straps and bolts. By 
J. ened and hoisted out of the 
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airlock was always 20 feet high, two cylinder sections ed to form = 
walls, and in tl these ‘se columns the the floor ‘of the loe ock 


average weight of ite agms was as follows: 


supposed to bt free to move, by the 
resting the two boats. he next ration was to accurately 
the -eylinder pon the ‘bottom of the river, 


Wi finally tebe exact position, the ante. on the ck 


permit 
were all loosened and the column pe 


acting as guides. “s But as soon as the column hi ad found a bearing on Nee 
a bottom mi mate ri al, the rods we we were loose ne ned so as as” to give e at least o ne incl 
play all atound the ¢ for it amust remember red that the boats 


and ¢ of course the: rose and fe with the tide. “Obje ction: able as a 


are of 


‘the e for ean, the Variation 
“centre was four inches, except in one « 


sition of any eolumn 


“ase where the rock was so steep 


that the  slippe upon yon it,’ troub le was: “not in aceura 
he the inst sinking of ‘but in pre venting it from bei 
de flected at the ‘bottom and thrown ont of ‘the ar by" the 


boulders and drift- wood encountered: in pe 
“d 


river bottom t the water of course, same » height inside and 


outside the « ylinde r, and it was to re move the w ate r from tee « cylinder 


ompressed air was brought into re the engine having 


cylinder bein ng 


in the. oor of the airlock Was next drawn up and 


by the hie per (Q, Fig. 1,) thus cutting off communice ation between 


the outer r air working chi amber of the cvlinder; the by opening» 
] 


e stop-« cock K, the compressed air was allowed to sa from the sto 
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P= reser voir direc tly into the working chamber (B, Fig. 1 1,) through the air- 


supply F. The was ge steadily at wor rk, and as the 
pressure e increased inside the water» was forced out val under the bot- 
tom edge of the eylinder until the « cylinder was empty. the ‘bottom | 


of the colamn had pe netr: rated au stiff mud impervious to 


water: this would not be the ca case, and the pipe G, w w vas Drought into } play 
the water forced out over the top of the column. 


Re MOV ING THE RIAL. — T he material to he removed by the work- 


‘men was that ¢ “amount found inside the column, i in ‘quantity ‘depending 


upon the depth to which the column had sunk into the mud, &e., . by ae 
» ravity, the of settle ‘me nt he ing consider ably ine by the 


rosive action of the expelled w rater in. passing out under the vot om 


edge. Fi ive feet at one ope ration was about the average distance sunk i in 


mate rial met with at Sc math stree 


The four men, who, i ina column 1 six feet i in “di rmeter, would constitute 


the inside working gang, descend into the ; air “loc ‘k by means of a rope 


ladde nded from the hinge rod of the up per his door wi as 
‘then hauled u up and tightly - closed by the outside watehm: in, and as; as soon 


as this watchman had given the signal, ‘all ris ght,” “the foreman inside 


= ith expe rienced men, three to tive minutes, de nto ‘on the amount 


door Bi in the flo of the air- ‘k could be opened as Soon as 


‘the pressure was alike on both sides of it, but not be fore, and | two men 


of the gang then descended to the bottom of the eylinder, by means a 
* another er rope | nd ler anaes d to ‘the hinge of the lower oor, 


Canvas bags (Fig. 5), , hol ling about 1) cubie feet each, were filled by | 


the eXe: avating gang, hoisted up and store “l inside the air-lock by the 
re m: \ining men. A light block and fall, from an ey ye-bolt 


inside, candles of a a good were Twenty bags 


hoisted i into the *k, amounting to about one ne cubic yard, was con-— 


* 
sidered ve very good work in the: most fav orab le materis the rate of 


Progress was frequen ‘ntly interfe fered with by drift wood and boulders 


pearing mn der the odes ot the: ler, h had to be cut away 
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har ammer and chisel. rom the effect of the the iron 


“combined w w ith the whe of the compresses ar itself, less wor was done 


going, ng. supplying fresh air ‘and driving out that whic was vitiated. 


by ‘the breathing of the w rorkmen, and the smoke of the candles. » 
After about 3 3} hours inside work the excav: ntors ascended 
the air- a k, and closed afte r them and sec ured the door in the floor of 


the lock, then, by ope ning the upper penned pipe, HW, they y allowed 7 


“the surplus: pre ssure in the air ir-loe k to escape outside, and re tore ad the 


air within to the normal atmospheric pressure, 


v watchman opened the upper door, and the gang consumed the rem ainder 
of their four hour shift in he isting out. and | 
debris stored in the | air-loe ‘k. 


a eylinde ry down to its bottom. sink, so-called, was nade before 


empty ing the bags of 


the relie f gang 
This was ‘was done by off communication between the storage 
voir and the working ¢ chi of the « column 


+ r K, Fig. 1), and then allowing the compressed air * the chamber, By to 


rc. escape by opening the lower equalizin 


the ai air- loc Kk being a 


bottom edge, cutting away and the soil, and the mass of 


‘metal i in the column, no longer partially sustained “id by the lifting fore 
ich the compressed air exe cxted, obe ‘YS: the law of gr wit: sion. and 


settles a fresh distance into the material beneath it. ie , 


This  settlemer nt takes place rather lenly, and, in loose material, 


“amounted as muc as five fe et at one time. Sometimes one side of 


¢ cylinder would strike a a boulder, or other obstruction, and, by a sud- 


den lurch, throw the column out of the perpendieular, This could on only 
have been pre vented by long fixed gt nides. Guys, atts the 


anchor chains, were used to right the column in such | cases, 


COUNTERBALANCING tHe Upw Presscre.—In a cylinder 7 fee 

9 inches inside diameter the diaphragm sensiteedeaudh floor of the air- 
would present. a superficial area of 6,792 inches and in 


sinking such a cylinder in water fifty fee et t deep a a pr es 


-‘per square ine +h in excess of the atmospheri ie ¢ pressure would he he he reine. 
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46,000. pounds. hile the 


seven sec of $-foot aphaagms, Ke. ., ine Inded, would only q 


108,000 pounds, leaving 38,000 pounds to represent the 
e. Th his had t to be provided fo for by 


friction n of material tl hrough which the “column is sinking 


mounts to but little, for the air whic hi is constan antly be bei ‘ing force “0 “dl out at , 


bottom rises surface along the outside of. the ylinder and, 


resides kee} ing the soil ina loose condition, surrounds | the 


4 
‘olumn with thin film o 


tho ls of comnterweighting the cylinders were used at South 


street. In the small. columns forming the piv ot cluster y the. clamp beams, 


were raised from the dec cks sof the boats at high tide and ¢ clamped fast 


around the column, near its top, and entirely ¢ ‘le: ar ‘of the coats, A 


“platform upon these cl loaded with stone furnished the additional 


weight required. This method was s objectionable, because it made the 

» column top-he: avy and de prived it of its guides in sinking, though, as 

the columns were close together in the pivot group, the last want was 4 


by ‘ing to those columns already in place. 


In the ange cylind rs better pli un was adopted Al he 


pl: itform was built inside the colamn, resting upon the bottom flange of 
. — CO ae tion, below the ait i that is, twenty feet be low the 


three fe square, mae | of inch 
fet. 


raced, extended from this pl: atform to w thin five feet of the 


filled with: stone. in this way ‘the counter was 
and, consequet ntly, more advant ageously. And the stone was after rwards 


used in the column masonry, ‘the timber remove 
Ss SECURING THE COLUMN TO THE Rock. —Owing to the slight depth my 


holding ground at some points it was thought best to bolt: the ¢ columns — 


to rock ‘and thus ine thei sir sti ability. 
> 


> 
“| The rock was levelle d off to a solid bearing by hammer ond chisel—_ 


which was slow and tedious work, consuming the greater portion of the 

time in securing a foundation, “Heavy iron bracke ts ts (N, Fig. 


re then tap-bolted to the inside of the cylinder by four 1j-inch bolts — 


in each bracket - The holes in the cylinder for these bolts were t tapped 


— 
expel the water. Such a pressure acting upwards upon the diaphragm 
ry 
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with ‘ before the eylinder was sunk, 


"inne r circumferen rence of ‘the « ‘The number in each and) 


their average weight was as 


Column, 8 feet. diam., 16 brackets, average weight of each 3 3 


| 
re all to 


mi v, ls dry and thoroughly 


“aulic ceme grout, very three fee et in a epth. 
The first ten feet of ma sonry was at heig 


stonework ing generally “found 


gains st the « e ntrane of water from low. stone, and cemer 

athe in this part of the work were stored in the airlock, except in the- 

large veieoniade where the stone in the inside counterwe ight v was used for 


is purpose, The w water for mixing the grout which grout was ma made, 


- measu of Rosendale to one measure of sand —was 


‘ as pumped into the ‘column, ngainst the air pressure, by ‘attaching a force 


to the outside end of the water pipe, 


As soon as sufficient masonry was in pk ice to e off seal the 


column, the pressure removed ; the air and water pipes and their: 


stuffing-) taken out, the doors taken off, and, . if 
der sections above it, the upper diaphr: 1gm was ¢ 
“filling with masonry was s then earried on in the open ‘air; grout, of one 


~ measure of Rosendale cement to two measures of sand, being used in t 
of 


vis 
ate levels were now taken on the tops s of the oylinders, pee 


st to ‘order to bring them up to tl the he required } he eight. 
P ‘ The condition and qui ality of the masonry Wi i severe nae tested by an 
of which’ mention will be made further on. Tt was found 


SAPs AND -BREAKERS ‘ach cylinder was finished by cast i 


witha a flan ge projecting over the upper ‘edge of the. ¢ cylinder, but not 


t uching it. The weight of the bridge w thrown entirely upon the - 


om: the ee of the stonework bei ‘ing dressed off for th: at 


a 

| 

— 

Each bracket was secured to the rock by four 1!-ineh bolts, 18 inches. 

tHe CotumNs with Masoxry.—The columns w 
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As As the fixed spans were 36 feet wide between truss centres, and the 
ape span. only 2 23 feet wide, some provision had to be 1 made for a “seat 


the draw, whe closed. wa ‘or twe ave 15- inch I I [ beams, 


exter nded clear acros s from outside to outside of caps, 


secured to aps: by tap bolts and f astened to each other by 
cast iron Cast iron shoes, resting on these 


s, carried tl ie lower chords oft the fixec d Spans, and on them, too, 


of galvanized iron conce: ealed the of the 15- beams, pore 


rane e of the tops o of the columns, | 


and at time to fur- 


nish a sup port for the i ice-breakers, & W roodlen made of 12in. 12 in. 


timber, was built and sunk around them. This: crib was 10 fe wide 
from out to out, and 64 feet in extreme. length, extending 10 upa ond 


To tie the tw 8- feet columns together 


down stream, me: asuring from the outside of the cylinders. Tt was 
finishe “dl at low tide mark by a plat utform 12 inches thick *k ; and ‘Upon t this 


platform, be twe en the « cy linde were four feet comrses gr unite 
eshlar, cut to fit the outside of the ¢ 


width at the 7 poin 
f vertical cast iron nna for a height of 8 feet, and for a furt 
er 6 feet tater cast 1ron plates, twisted to meet the columns. These « 
ted , inside es and bolts, and tied od 
whole uc tate filled with concrete masonry. br 
of 12 in. xis 


the ice-breakers. ‘They w 


act as a spring fender. 
t t columns wei were | entirely independe nt of the cribs aud 
ice- -brez ikers, s0 that the latter were free to settle and take their ow a 4 : 
Dearing on river bed. 


An « octi agoual wooden crib” was built and sunk around the pivot 


m one to. the othe rested in brackets: cast in 


> 14 feet above low tide, 


du ter of nine columns, » with the inside bracing so arranged as to tie 
securely together. This erib finished at low water 
as ssary, as the wooder n fender built to protect the. open a 
, of course, , enclosed the pivot colamns also, . This draw fender was 
structure, faced with B-inch ik ele partly by 
The 


where piles would ‘not hold, on narrow wooden cribs. 
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si 
iy Three series of 9-inch I beams, 9 vertically, were 


ace th 1€ columns together. These bear 
lines interse ng the centres of the nine columns. —one set exte 

—_— from the centre column | to each of the eight outside columns, and | 


le outside columns with each other. “They were 

connected vertically nal iron 1} j-inch sway braces, and reste upon 

iron bracke bolted to two lower series of be: 


put in Place be fore the columns re ed the 


ai pore e his vlinde rs—the be sing ini nccessible- 


‘find the points where a orn » drawn from centre to centre of any two | 
cylinde rs would intersect the « mtside surface. The solntion was a 


>; and as it may a li ttle trouble | in a similar | “use, We give its 
one ; and tm a a ar 


Three wooden 7’ squares were made, with the head and blade each about 
4 feet long ng two of these squares had the bac ‘k of! the hea ad dre assed out 


. to fit the ont outside o of a cirele 4 feet in 1 diame ter, and the other s square made 
in like manner to fit a circle 6 feet in diameter; the centre of -_ ase 


ineach squi are being line 


: 


the radial beams, the 6-feet the central 


column, and one of the d-feet equares outside column, 


ing x the column, was p assed over to the second squa we and down through 


 anot notch h just a at the ¢ column, and a we ‘ight 1 hung to it to kee ep it taut. By 
7 then n shifting the “two squares until the. cord cut the « centres a both 7 


blades, the points desired were obt 1ined—for a ri radius of the 6-feet 


feet uares were use in same manner in fixing he: points 


~ column and a 1: adius of the 4-feet column lay in the same straight line. 


HE YLINDERS.— The materi: th rough 
whieh were sunk at South street Ww asa sandy mud at 
; top, g gradually becoming more compact and tough, with but little sand, 
as the de pth ‘increased, with | a stratum « of hard gravel 3 feet or t feet 
thick, just before the rock was reac hed. LL Large e boulders and driftwood 
_ were scatte red throughont the two lower s strata of the deposit. ay id. 
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Taking the central ¢ ‘column, 6 fee t diameter, an example, with 6 


r fe feet of sandy mud, 8 8 feet 3 inches « of very -y stiff ‘mud or or clay, and 3 feet of 4 


compact gravel—the time consumed—treckoning from the dr ropping of 
, cy linder to ) the pe completion of the seali g of the ‘ column, with 12 feet 


Putting on on amp, counter weight and los ading it with 18 tons’ 


of sto one 


cS Dang 72 lineal feet of \-ine rch holes in rock and bolting on 


Laying 3% 336 cubic feet masonry under Se 12 feet in 
" height 


: q 


‘The time required to put in the remainder of the masonry is not ton x 
but it was” done very rapidly as compared to that laid ander 


pressure. — The time given above includes that lost in | shifting gangs, 


_ amounting to about 20 ) minutes in every four hours. = pasa. 
The ‘small 4-feet columns were generally sunk to the rock and. waa 


: of ‘material in 24 hours ‘from time of drop, deposit same as above. 


Owing to the confined space in which the men had to work the progress a a 
was slower than in the larger cylinders. The aver age time in the eight 


4- feet columns, » from time of drop to taking the with 


column sealed, was 200 hours each 


The four 8 :-feot ‘cylinders 22, and 3 30 di of 24 bow 
ach, rating a 


material to be and the ni pite tch of | the roe k In 
one of these columns the rock dipped 4 feet in the diameter of the 


column. It took 160 hours work with hammer and chisel to secure 8. 

level bearing all the bottom edge. All the rock: abounde a 

es seams of varying dimensions, using up » the chisels 1 very ane: 


paren feet. 
TO THE Prvor CLUSTER. —The 4-feet columns forming 
ad together any way until the whole: 


uce, but depended ‘entirely, for their: 
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bility, upon t the bolts through and the VW feet of in 


whic stood. This was unfortunate, as events proved. 
1872, Ww rith, the tide 1 running ont, ‘and a ‘a perfect g gale of 


8 tow of five heavily-loaded canal boats, 

“equaling “in size those deseribe the plant, w as brought down 
river. attempting to pass ‘the piv vot the capt in of the tug boat 


broken off, the break in case being a horizontal one, just 

under he flange of the section of cylinder nearest the rock. The 


bracket bolts were in now ise disturbed. These two columns were re- 


-~paired | by pulling them back to the perpendicular w, the stiff mud L just at 
the break rving as a euide to bring almost exac tly where they 


were b before the accident. i The n masonry Was s then re moved, the pressure 


being | applied again as as the water appeared, ‘When the break 
™ as exposed it was found that the broken 0 sections, by a little twisting, ae 


could be made to fit ace urately. #F our fl: ged segments of w wrought iron, 


jy inches thick and 20 inches deep, w ere now put 1 in and bx volted to 0 each 


“other, and bolte d to the e cylinder. “These segn segments s extended entirely 


around the inside of the ec cylinder, and at the top had a fi ange 3 inches | 
wide that abutted against the iia flange. Bolts 1} inches in diame ter 
united the two cast iron flanges with the wrought Iron one, and the patch : 


completed. The “masonry as then repl: aced | as before, and ‘no 


- further trouble ev tal experienced from the mended columns. The nal 
ie moval: of the original masonry, nec cessitated by this accide nt, gave us an 


excellent opportunity of testing its quality. it was found | to be very 


good, the cement very well set, and the fact ‘that it cost the contractor, 


in labor, nearly ¢ one doll: ar a cubic foot to take it out proves still further 


the character of the work. 


Daxosn Pine, —For the of the inside of the 


cylinder star candlés were used, but owing to the | amount of soot throw n 
off, under the ine reased height of flame, due to the excess of | oxygen in 
the compressed air, never more than two candles were allowed to be — 


burning, inside, : at any one time. 


had to be espec ially guarde against in those vylinders where 

- inside counter- weight. w as used. The timbers in this structure were 


- kept ss saturated with w water ; for had a a fire once started in 1 the wooden _ 
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«Shaft, burning fiercely, as it would in this unnatural atmosphere, ‘there 


would have Deen no hope of escape for any men unfortunate enough to 


an example of what an narrow space can be reached 


vat re, once s tarted wader, a pressure e of three atmospheres, the follow. 
é ing: incident is cited : There was a leak somewhere between the ena 


uniting two ) cylinder sections, and in searching for it the 1 foreman | passed 


candle around the inner ¢ ‘ireumference the column. At the fault 


point the flame of the candle Ww as dr. rawn a by the le escaping eir, nd 


a almo st instantly all of th the luting of red Yead Land lamp w wick was s burned : 


4 0 out entirely around the ec column, nearly suffocating the workmen with the 
of the burn 
7 Cope or Signats.—It was evidently 1 necessary to have some means of 


-communic ation between the men inside the cylinder and those outside. 
As before mentioned, a watchman was constantly ¢ on duty on top of the 
airlock ‘during inside working hours. This mar an watched | for 


alt all from within, opened and shut the valve J of 


ater pipe when so ordered by the inside foreman, and saw that all was 
beit ing done for the safety comfort of the laborers. 


Bay 


“system of taps upon the side of the eylinde r with a siete pPteetes 
means of ¢ omniunicating. 


a The code was a limited one, , but answered every pury an It was as 


One tap i mifie ed water-cock.” 


4 Three "Attention. 
Four ta aps are oming out.’ 

x taps “Water still g going down.’ 


Seven taps W Water ‘stops running.” 


Four taps, 1n pairs, Danger ! Come once.’ 


the te telephone already been utilized i in submarine wor 


* 
a™diver is e mploy ed, it no doubt would answer equi ally as , well i in ¢ 


and tubular fous and d ave the time uow wasted by s 


tz: 
7 | an 
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‘Errecr or Frost ‘UPON THE same mistake 
made: at South sti as at Harler idge and a 


2 nearly every 


ally and others ve The ‘wors Bt ¢ crack was a 


opened: nearly one-fourth of an inch, 1 it ne ver in- 


ereased: since, and seems to have done no further harm. has been 


oe cylinder with staves sof pine or heed soft wil. a alittle thieke 
the flanges are wide. Ib this case the wood would crush under the 


rain , and the iacaiials upon the metal be re ‘lieved. 
inter interfe “ld but little v with the of. 1e oylinder rs—work 
i 


ide was, in fact, done with more comfort to. the ‘men, than unde 


- summer sun. The formation and flow of ice in the river, caused some 

trouble i bringing: mi iter ial hn: the shore but; ats the i ice was constantly 

broken 1 up by the tide it was an obstacle easily ov rereomé. 


first column was lrop October 4, 1871, and the 


pushed for w ne Ww ith scarcely any interruption until August 22, 1872, ’ 


the last of the thirteen cylinders was in place. 
Lo AD UPON THE Prer-C ‘OLUMNS, — —The maximum load upon | the stone-_ 


ork, inside the « eylinde rs, unusui al one whas might be calted. 


rubble masonry and i is w orth | noting. 


Taking the Pier for the fixed span, and end of draw formed of two 


eet columns, the maximum load upon it may be divic 


One-half of the fixed epen 


E One- half load on fixed span, at 80 Ibs, per square foot. 


ad ‘ 
“draw 80 Ibs. 


Total 


diameter of each of the columns of masonry ‘upon w hah: this 


load i is thrown, is 7’ 9°’ —equivalent to an area of 94,°j ® » Square feet in the 
two columns—and this area div ided into the total ones would give 11,224 po 


- Tbs., « or just 5 tons per square foot, on the masonry ry at the iop of the 


oma. T he is 71 feet 9 inches, taking the masonry 


| 

ij 

‘ itions were taken to prevent the cylinder sections from > (i 

_ splitting, by the contraction of the metal, from cold, upon the mass of > 4 Ree 

f grouted masonry within. At South street, four or five of the sections 

were eracked 

tina] ano ond 
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790000 
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his 


‘a tons per 


pen, the load a the 6-feet column supporting ue 
cally mue greater ; this pivot was designated to be 


Int for ately, perhaps, this: design was a faulty y one, 


considera le ont n | portion ¢ the load i is actually upon 


the outside wheels, and the: n transfe rred to the fe vet columns. 


a But supposing the whole load to be carried entral column, 

was intendes 1, the conditions w ouk l be as follows : 


ee The total we eight of the draw span unloaded i is 702,168 highs and the 


onry ‘y column (5 feet 9 inche 's diam. ), is is 2 2 


This amount to 27, 110 Ibs., or 12 tons ‘per square ‘the 


top of the masonry. Adding the weight of a column of masonry 64 feet 
d 


1igh 1, the lowermost conrse of stonework k would have to carry in adk lition 


to the : hone wre foot, or a To: of 1 per 
Square foot. 


None o of the « 1s me ightest signs of we akness—_ 
1. As before remar ke d, 


of the cement and the was very good, thanks to acon- 


scientious foreman, for it was impossible fc for the « engipeer to watch all of 


a the inside work. The stone used for the mi sonr Vv wasa hard well-be dded 


FFECT OF THE BESSED ON THE Men. —The 


ing under a pressure of or ‘three atmospheres hi 


“thoroughly discussed by Drs. Jammet and Smith, connected with the 


4 St. Louis and East River Bridges, that but very few remarks are neces- 


4 sary here uy upon that subject. 


maximum pressure to which the laborers at South street were 


: exposed, was 31 lbs. in excess of the atmospheric pressure, and that was — 


« for aes intervals ¢ only, whe n it was necessary to discharge water me 


the top of one of the deep ¢ cy linders, 72 feet in length, through | the p pipe 

_ Exce pti in the small cylinders, 4 feet in dis ameter, ‘sunk i in n the: summer 


months, the workmen experienced little inconvenience from their duties, 


_ after the fi first day or two of w work inside, c ‘Three men of dissipated habits. 


130 lbs. per cubie foot, the weight of iting 
square { ight of the bridge, or in other words, 
there w juare foot upon the bottom course of 
pivot is theo “4 
a 
= 4 
4 
tm 
— 
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— 
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o the hospita 


the lower limbs, bu 


= suffered onsiderably from ble at the ears nostrils. 
np Cost oF Cyninpers ar Sov TH EET. 
nd th 


wee in 1871- d e actu: al amou al 


— exe Juding 


No. of Cylinders, Weight of Weight of Weight 
Sections. phragms. “Brackets, 


Pounds. Pounds. Pounds. Pounds 
Cyls., 8 feet... 278 ft. 390461 22 757 156 


Cyls., 4 


--. 507 ft. 6)-in 


116 


to rec with actual cost to Conrracror : 
913, 177 pounds east iron... ... 89 per pound 


20: 30 (without labor).@— 1.20 per 


of all kinds in sinking and filling 13 
Total cost to the Conrracror 
iter 
The amount pi paid the cont 


~ work covered by the above rec: wen dation: was a 

Iron work. E 


9,000 
47,000 00 


oe: cost to the C ity of the piers complete including the a en 


Fender, and its stone | pie er 768 38 


— 

were sent ul for several weeks, suffering from a partial paral-— VE P me 

soon recovered. The hot sun shining on 

.—l 

ia 

— 

Caps. all Bolts.” 

Pounds. Cu. Feet. 

345 577-112-528 712 | | — 

$27,166 07 7 

iladelphia for the 

woe 

, and masonry........... $28,148 00 

‘Fender to Draw—cribs, 2 stone piers, &e..... 

— 84,148 00 | 
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following bits. of experie nee, incident 


though not of themse elves importa tant, may 


those who a are for the first time putting in in prac “the 


‘The fir t was due to o carelessness, and might ha 


ax 


dent— t came about in this way : ‘The superintendent and a single 
4 laborer were inside one of the 4-feet cylinders, fitting on the bottom sd 


ca brackets, the laborer was sent outside for some desired tool, leaving the . 
‘ supe intende nt at at the bottom, and on ascending into the air les k, neglected 


to draw the lower door tightly to its ce—he pulled it up and partially 
fi 


astened it- it—but le: ft a space, th ch which the air escaped d into the lock 

from the worki ng ‘chamber, as fast as ho let it out of lock, 

the. 1 upper equalizing pipe. result was, that the | water. rose so 


7 rapidly i in the s small « cylinder 2 ‘that the > super rintende nt was driven up th 


> bat was, compelled to stop lens he got to tl the floor of the ai 


lock, * w hich. it will be remembered, was in these columns some 8 


e below the river surface, for from his side he conld not op 


and be fore 1 make the mi: an e 
er was, up to his 
n this ¢ ease a want of proper care on the part ¢ of aman w ho 
wa as in too much of a hurry to get ontside, n cost vi 


a The other incident was one from the combined e experie nee of this. 


e superintendent and the writer, and though, as it turne ad ont, ‘it wa 
i 


ather 1 laughable than serious, i it wi as at t the time the whine of very con-— 


siderable. alarm to those interested. 


As b efore men tion ed, 0 one of the 8- -fee et *ylinders had str ruck on a 


of rock, 4 feet in § There v was only about 


onld not fore ed lower than the bottom edge of the 


ouch material, bags of ‘As he ad been pack under this edge, 


the of the eylind and the 


cylinder was lowered these six inches, and again pac and the 
process repeated until the 4 feet in es quired for a level bearing 


about six. inches of the roe *k. 


sreeted by a sharp rep ort, a 


— to the use of compressed . 
ive been a serious acci- 
— 
« 
; 
a 
q 
— 
tho 
— 
— 
4 7 q * 
‘The writer and the superintendent entered this column alone, for 
ies = ies purpose of making some examination, and just as they stepped upon the = 
rock, they were ¢ a sudden rush of air, 
— 


which put t out their s, followed by wha at s see emed to them a frightful 


but unaccount: rable noise. d: was almost ti angible, boxed up 
as they were in an iron 20 or more fee under water, and the 


going,” Dat went. at 


the rope Jadder—and chance having placed 


them on — sides of it, they macde a hasty ascent to the Jo with-— 


— 
—“ they were above the water 


most unexpec sted monstration. > going art way down th 1e ladder, 


6 or 8 feet of water was found inside, but no crac ‘ke “d cylinder r section w ial 


visible, as as at first apprehend 
The writerand his « ‘ompanion the nade their way outside, iu 
men there as much e xcited | and 1 alarmed as themsely es, They 
orted that a huge e cone ‘like mi of foaming water, 8 or 10 fe et high, 


stuck le nly arisen Detween the and ‘flood ed 


affairs, the e nginee v, not knowing: what wi as the mat 


Stopped the compressor. 


all of this exe xeite ‘ment Was occasioned sit m ply by the » blow ing out of 


examin: ition Wi as at once e ntered into, id the it was Liscovered 


several of the clay pac ‘king bags, at the bottom of the -eylinder, the airin — 
sudden rash out of this ope ning, put out the ‘andles, and carried 


“with it on its way to the surface, a untity small gravel, a and veined 


the cone of water seen by the men . above. 
gravel on the ot itside of the evlinder that me made curious us and unac- 


countable me entioned. very simple and amusing when the > 
> 


cause W: known, a hough» thing ed ag 

alesser degree, it was not ace ompanie d with the same feeling « of 


rue 
in 


a 
ma 
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ACTIONS. 


: 
any of its 


ee ct and at the same time easy and re- 
hhas been great de sideratum by those 
marine work. method of signaling n now ecaployed ea, by 
life-line, although, pe rhaps, sufficient for ordinar, 


t, defici it in and re Jiability ; and where the work is of ‘such 


 anature, that a word eannot express that which ‘the diver would ‘report 


above, it bee omes nece s ssary, in or order to fax wilitate the work, that 


adopted. 


= 
INEERS 

— (Vol. VIT.—October, 1878.) 
q — the Society, 4 
— By Cuas. Warp Raymonp, C. E., 


Several attempts have been m: ade in this dire ction, but none of them 
resulted sat sfac torily. One may be ‘mentioned A whie h consisted i in intro- 


“dneing into the air supply cinouit, an air-tight chamber, sufficiently 
‘to admit ‘a person, -communicat 
air- hose, by the unt in the or air- in-tight chambe 
‘Tt has as been reserved for the telephone to solve the problem, iii 


by the use this instrume nt it has bee en alre ‘accomplished bv several 


with fi: “able re sults, 


xperiments were begun by the writer 


to test the practicability and ut utility of the ‘tele in the 
in the tion of ofthe bulkhead wall, now 
. ” ing built by the De artment of Doe ks of this cit; 


‘The instruments uscd at first were two. Duplex” telephones, 


loaned for the experiments by the Gold and k Telegr aph Company 
the. courtesy hed Oo. Be ott, E 3sq., Supt. 


nliarly a ipted | for 


ul 


OV val and 5 5 inches by 24 


tha turning his head the er ‘could ic ve his 


mouth or his. to the instrume The other tele} shone w: piso ‘ed on the 


which earried the air- pump and diver’s he Ipers. 


The connec ting wires were insulated (donble_ covered par: fined 
office wire, Me. 18) «l throug dh the air- -hose. 
inning at the ‘helme et telep phone, the | 


through all open ning ma. le in the fan-shaped da air- alistributor in the bac 


oft the the hole bein: bushe d, to prevent wearing the cover- 


ing ¢ of the Wires ; - passing into the hose, and through the hose until 7 


they 'Y reac ‘h the ¢ couplings at which connection is made with the upper a 
This is done as shown i in the ske te h. ‘Two couplings, se pa- . 
rated by about ~ foot of hose are inse ted i in the hose, ata convenient 


ump, in this ease about 15 feet t. To. the inside 


ich is lered a copper wire, to which the wires” 

from the helmet are fastened. A binding se ‘Tew is fastened the 


exc h coupling into which the w from the up up per telephone are in- 


_serted, thus completing the cireuit. 


* The idea was conce ceived in M March, 1678, but, opportunity to carry out the experi riments 


was not afforded until Se 


fave 
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ineh in thickness (12.7 x 6.35 
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und to w york very well so far as comm mmunication 
dive to his was cone erned but in the contrary ‘tion it was 


ed to the scape of air trom ‘the helm et in 


w rater, which bubbled so as to interfere with his 
This stopping the of air is done by the diver ving 
thereby allowi ‘the air to fill the diver’s dress, an 


d, o 


Tor remedy far as ‘possible, | a cloth tube, about 6 inches 


ength, and of about the same diameter a the escape | -valveeap, 


ned by one end over the escape, leaving the other “end free. ° 


Was then n decided to try a an Edison Carbon Transmitter,” 


coil and « one cell of battery ry ; in n this ¢ case ea avity ” battery was used; 


tion of carbon | ansmitter is quite 


the vy, or OSSeSSeS 


to give the diver any sig pt” 
also found th: at the diver could talk i in n the helmet without putting his — 
to the instrument and le pl .inly, and there fore. he could 
is work and conversation at the same time. 

aes he batter Lp inde tion coil and tr: insmitter were placed on a she At on 


diver’s scow, and together no more room than would 


Webster Un phone in the helmet o 


little Troon, ‘ course, was ‘not all in the Wa) 


+ 7 he } wacticability of the for this was thas 


were conduc ted in de arying from 0 to 30 
feet, without any perceptible v variation in effec 
r, that ata depth 


: phone, faile 4 do not know the con nditions were 


7 
— 
— 
— 
— iS 
gave hetter yecults byt ctill not 4 
is a form of microphone, and intensifies, or more properly, increases 
high degree of 
uecess of the experiment. 
Conversation was carried on with the utmost facility ; it was not neces- 
— 
— 
a 
but should any 4 
ay 


difficulty be met at that or er eater depths * be easily reme- 
died by using a second transmitter, placing it in the helmet on the oppo- 
side from the telephone, and connecting it with its own battery and 


induction coil—placed on ¢ k—by tw o extra wires the 


hose to two extra couplings. These four wires ms Ly be s small i in size, and 


10 more space in the hose than did the two previously used. — 
l safe in asserting that te lephones thus arranged, can be used a 
is great a depth as a diver can work, if ‘not ata greater one. 


- tt may not be out of pla ace here to mention a fact, | 
which was the writer by Collingwood and W. 
Paine, Assist: mt Engineers of the New York 1 and Brooklyn Bridge, that, 


nr attempts to signal by whistling, with the mouth or fingers, were 


ed failure i in the & caisson when at a depth of about 45 feet. al may 
ie be explained o on the sup position that ‘under a pressure of 2 hy 


mospheres, it might be necess: y to ch: ange » the relative position of the 


fingers and to produe e the sound, h pra ictice in the or 


the re ent able 's us to And also, that 


with ¢ 


From this it n y speak the 


wi will tr the to his able to hear at that 


de th, ther ‘re no doubt. 


j 
in submarin ) 


+ & ise apse since ‘tion into this 
“an be drawn, other than would nature ally present 


telligent: mind, 


a4 ae of course de lepends on the n: ee of the works upon whic h 
diver is employed 


1 to re where any de Ly would be. its ‘utility 


Mr, Francis H. F ishe ngineer to Mr. FE dward Ss. ] 


brick, on on the hes avy s a wall, in 1 Boston harbor, has kindly furnished me 


with the ( his employme ] 
7 He made use finally of of but one w ire, re, whic +h was w round spirally ‘around 


a the outside of tl -h and both: hose and v Ww ire then wrapped with 

invas to protect the insulated wire from injury. ‘The The: circuit was 


— 

a 

- 

4 

of the sound, but which, when produced, is con- 3 

- 

4 

rat — 

=e 

— 

— 

— 

*hil- 

d 

» 

| 

— 


ompleted by by attaching one: wire to the helmet, and the other end to “p 
ee plate suspended in the water from the bottom of tl 


ight objection to this ane may be that communic 


div ver long : as the helm« 
— and that where the wire pomen 8 from the outside through the helmet, 


the opening must be insulated and air-tight ; the: wire is apt to 
) ecome loose, its insulation destroy ved. [ think* the method 


ea, of pi ussing the wire throu gh the he the 


Tn this case, two wires form the. circuit, are entirely 


ne is ne The ¢ ciret suit 


w whether the helmet is under or above Ww ater, , as “frequently happens in 
. Fisher testi to the utility of the telephone, in anying, “ 
necessity of using g the tele phone : arose in providing for a thorough exami- 
nation of the masonry in the face of the sea w all, below water, in whic ‘h 
“it was necessary to the aime ‘nsions and positions of the Joints: 


— 
hro shout the 


‘4 plishment of this w ouk 1 impractic cable, if noti oasible, 

ee er beer n oblige 7 to come up to re port ; but with the te ‘lephone it was 


: 
a rom these and other experime ats, we Delieve that submarine oper 


= ve of much ex 82, both of time and labor, by the 


 imprac stieable, can now be arried on with: iucihty and e xpedition. 


the caisson, and in the mine its value would be gre: t, especially so in 


whe ‘re, should one portion of the mine by an ace ident be 


rw ‘off from the rest, communication by the tele pho me might be preserved. 


As the : ‘carbon | transmitter” is of recent date, and its function nat 


lly understood, it ly not be to it and it 


mnections in detail. (See Plate XXXVI. 


The tr mstitter consists of a thin metallic diaphragm (a), (suc chasis 


4 used by pl togr: aphe rs for tin- types), about 2 2 inches (6. 35 m.) 


fo 
diameter, on the | beck of which, and in 1 the ‘centre, is fastened a 8 


> project ction (4) of some non-conducting: mater ial—glass or agate—which 
just thin disc of pla about “ine *h (1.27 ¢. m. ) dis ameter. 


‘> 
* 


—  , 
— 

a 

q 
better way. 

q 

— fons can be 

— | 

— aq 
7 
— 


The disc upon a of and divided 


-earbon, n, about )-ine h (1.27 c. m.) ‘diame ‘ter, and -inch (0.317 m 


thick, which in turn rests upon a metallic connec tion with the other 


wire e (9) of the cirenit. The two and from the transmitter r, 
one is the battery, the 1e other | to « one e pole « of the us prim: ary cire cuit in ¢ 


duction coil, the other a of which is connected with the batter ys 
om, 


eon re secondary circuit. 


perv wire ; the primary or inner coil (BI B) consists of astouterand aan 
wire than the sec ond lary or outer ¢ coil which is ry 


ulated w wire. A bundle « of so 
sof the soils. 


The action the coil is that a current from the 


s s the wire of the prima 


current of gre: atly ine “ase intensity. 
The function of the transmitter is to. cause e flactuations in the inten 


sity of the primary ve urrent, corre esponding- to vibrations aused by 


the voice. Th is based remarkab prope that carbon pos- 
sesses of changing its resistance with pressure ; and this ] property \ varies 
directly as the 


it the p itinum dise ), (which alrea touc 


button), causing it to press harder against and in a corr esponding degree 
to compre ‘88 the carbon button, thus varying the resistance which i in 


intens nsity of the prima 


or decrease as the ain moves in or out. | 


_ Asimilar movement of course takes place in the secondary or induce ed 


its n agnified intensity, gives an ine reased effect 


is a se which, when removed, exposes 


g screw whic the arbon and pla 


iti into ap ee of of cont act; (4) isa hard rubber mouth Pi iec 


which se Tews into case 


—- 

This platinum dise is delicately hinged at (7) toa metal connection (d), iia 
q 
— 
= 
The induction coil consists of 
— 
{ 2 

erse ry coil mducing m the secondary circuit a ng 

4 “4 q 

_ 

— 
in the t 

ved the reading of the preceding 
paper on Submarine Telephoning, the statement was made that it would 


al 


Fe 


about one dollars to apply a a telephone and the 
for using ‘it, » as described by ‘Mr. R: aymond, to the ordinary helmet and 


appurtenances used by div ers in submarine ope wations. 


It was also st: ated 1 th: at . the Ww work of a diver, with the on 
of communication, costs about three dollars “ hour while he is at 


will be seen that the cost of the te lephone ‘spparatus accom- 
_ ~pany ing it would soon be saved in decreasing ‘the time of employ ment 


me 


= 

— 

= @ 

| 

— 
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